Objective: To review the literature with regard to the incidence and prognostic significance of peritoneal seeding during surgery for primary colorectal cancer (CRC), the incidence of intraperitoneal recurrence of CRC, and the current treatment strategies of established PC of colorectal origin, with special focus on cytoreductive surgery and intraperitoneal chemotherapy (IPEC). Summary Background Data: Although hematogenous dissemination forms the greatest threat to patients with CRC, peritoneal carcinomatosis (PC), presumably arising from intraperitoneal seeding of cancer cells, is a relatively frequent event in patients with recurrent CRC. Methods: The PubMed and Medline literature databases were searched for pertinent publications regarding the incidence and prognostic significance of exfoliated tumor cells in the peritoneal cavity during curative surgery for primary CRC, the incidence of intraperitoneal recurrence of CRC, and the therapeutic results of systemic chemotherapy or cytoreductive surgery followed by IPEC. Results: The incidence of peritoneal seeding during potentially curative surgery for primary CRC, as reported in 12 patient series, varied widely, from 3% to 28%, which may be explained by differences in methods to detect tumor cells. PC is encountered in approximately 7% of patients at primary surgery, in approximately 4% to 19% of patients during follow-up after curative surgery, in up to 44% of patients with recurrent CRC who require relaparotomy, and in 40% to 80% of patients who succumb to CRC. The reported median survival after systemic 5-fluorouracil-based chemotherapy for PC varies from 5.2 to 12.6 months. Median survival after aggressive cytoreductive surgery followed by (hyperthermic) IPEC in selected patients, as reported in 16 patient series, tends to be better and varies from 12 to 32 months at the cost of morbidity and mortality rates of 14% to 55% and 0% to 19%, respectively. One randomized controlled trial has been published confirming the superiority of aggressive surgical cytoreduction and intraperitoneal chemotherapy over strictly palliative treatment.
B esides the lymphatic and hematogenous routes of dissemination, colorectal cancer (CRC) frequently gives rise to transcoelomic spread in the peritoneal cavity, which, ultimately, may cause peritoneal carcinomatosis (PC). During the course of disease of a patient with a gastrointestinal cancer, it is thought that there are 2 time points at which intraperitoneal spread or seeding of cancerous tumor emboli may occur. 1 First, intraperitoneal spread may occur preoperatively as a result of full-thickness invasion of the bowel wall by an invasive cancer. Preoperative seeding may also occur as a result of the rupture of a structure by a noninvasive tumor, such as the mucus-producing cystadenocarcinoma of the appendix. This leads to the clinical syndrome of pseudomyxoma peritonei, characterized by massive intraperitoneal accumulation of mucus in the absence of organ metastases. This rare clinical entity has been reviewed elsewhere and is beyond the scope of this paper. 2, 3 Second, intraperitoneal spread may be induced iatrogenically during surgery, when in-transit tumor cells or emboli escape from dissected lymph vessels, the bowel lumen or reach the peritoneal cavity through blood spill from the surgical field.
Until recently, most oncologists considered PC a terminal condition, only to be palliated with systemic chemotherapy. However, it has been estimated that, in approximately 25% of patients with recurrent CRC, the peritoneal cavity seems to be the only site of metastatic disease, even after a detailed diagnostic workup of the liver and lungs. 4, 5 Because of this observation, some surgical oncologists hypothesized that, similar to liver metastases, PC may be a first step of dissemination and should therefore not necessarily be interpreted as generalized disease. 6, 7 In recent years, a new therapeutic approach has been investigated in a dozen medical centers worldwide, aimed at locoregional control and long-term survival. 8 This approach is based on aggressive cytoreductive surgery after which the peritoneal cavity is perfused with chemotherapeutics, sometimes under hyperthermic conditions, to sterilize (minimal) residual disease.
Here, the available literature on the incidence and prognostic significance of microscopic peritoneal dissemination of tumor cells as well as on the incidence of true intraperitoneal recurrence in CRC is reviewed. Finally, the results of clinical trials investigating the feasibility and efficacy of cytoreductive surgery followed by intraperitoneal chemotherapy (IPEC) for the treatment of PC of colorectal origin are discussed. Between 1980 and 2004, 12 papers have been published reporting the results of clinical studies on the incidence and/or prognostic relevance of microscopic peritoneal dissemination of tumor cells in patients undergoing curative surgery for primary CRC. 9 -20 These trials focused on patients with primary CRC who underwent surgery with curative intent and excluded patients with evidence of hematogenous metastases, PC, or ascites or patients who had undergone emergency surgery for obstructive of perforated cancers. The relevant trial characteristics are summarized in Table 1 .
Incidence and Prognostic Significance of Intraperitoneally Seeded Tumor Cells in CRC
Although the inclusion and exclusion criteria were similar, the studies differed with respect to design, methods of collecting the specimens, and pathologic staining techniques. Four trials explicitly mentioned the inclusion of consecutive patients. 12, 15, 17, 19 In 8 trials, material for cytologic analysis was harvested by pouring normal saline onto the serosal surface of the tumor bed immediately after entering the abdominal cavity and, in some studies, again after the resection prior to closure of the abdomen. 9 -13,17-19 In 2 trials, material was obtained by gently touching, scraping, or brushing the serosa overlying the tumor mass using a slide glass or brush, 15, 20 whereas in 2 trials both aforementioned techniques were used. 14, 16 In all but one trial, an attempt was made to identify cancer cells using conventional cytology and/or immunocytochemistry. One trial used the sensitive polymerase chain reaction (PCR) technology to detect the presence of free cancer cells in the peritoneal cavity. 10 In 3 trials, an attempt was made to determine the sensitivity and/or specificity of the used method by searching for tumor cells in peritoneal lavage fluid obtained from patients with well-known peritoneal metastases and/or benign diseases undergoing surgery. 9, 10, 17 In 2 of the 3 trials, specificity was 100%, 10, 17 whereas in the third trial nonspecific immunocytochemical staining in one of 6 control patients with diverticular disease resulted in a specificity of 83%. 9 One trial included a well-defined positive control group of 22 patients with well-established PC, 19 of whom had tumorpositive cytology, corresponding to a "sensitivity" of 86%. 17
Incidence of Peritoneal Seeding
Peritoneal lavage fluid obtained prior to resection proved tumor positive in 3% to 28%, 9 -14,16 -20 whereas scraping the serosa overlying the primary tumor site or pressing slide glasses on the serosa overlying the tumor generally resulted in somewhat higher incidence rates of 15% to 42%. 14, 16, 20 Interestingly, Uras et al 16 and Ojima et al 14 tested the accuracy of serosal stamp cytology by including serosal stamps of bowel surfaces far away from the primary tumor. These control stamps were tumor positive in 3%.
In 4 trials, peritoneal lavage was performed prior to as well as after resection of the tumor. Where reported, the conversion rate from tumor-negative preresection to tumorpositive postresection lavage fluid, apparently as a result of the surgery, varied considerably from 0% to 10%. 10, 11 
Prognostic Significance of Peritoneal Seeding
Several authors have made an attempt to (univariately) correlate the finding of tumor-positive cytology with various clinicopathologic parameters, including pathologic TNM stage, malignancy grade, locoregional recurrence rate, and/or survival. Although in 10 trials the incidence of tumor-positive cytology correlated significantly with more advanced stages of disease, especially T-stage, 11, 12, 16, 17, 19, 20 Solomon et al 15 could not confirm this correlation in a large prospective series of 105 patients with CRC. Instead, Solomon et al found tumor cells on the serosal surface of resection specimens more frequently after resections of distal tumors, which required anterior or abdominoperineal resections. 15 Interestingly, Yamamoto et al 18 and Kanellos et al 12 found tumor-positive cytology to be significantly correlated with the risk of intraperitoneal recurrence. Both groups used similar techniques of instilling normal saline in the peritoneal cavity immediately after entering the abdomen in 113 and 189 patients undergoing curative resection for CRC, respectively. Conventional Papanicolaou and Giemsa staining of the peritoneal lavage revealed tumor cells in 5.8% and 20% of patients, respectively. The relative risk of intraperitoneal recurrence in those patients with tumor-positive cytology as opposed to patients with tumor-negative cytology was 16.5 (95% confidence interval ͓CI͔, 4.8 -57.5, P ϭ 0.0004) and 2.9 (95% CI, 1.0 -8.2, P ϭ 0.047), respectively.
Two trials, finally, reported that tumor-positive cytology correlated with impaired overall or disease-free survival. 10, 17 However, in none of the studies were multivariate analyses carried out to determine whether tumor-positive cytology has an independent prognostic impact or is merely a confounding prognostic indicator.
Incidence of Intraperitoneal Recurrence in CRC
Since hematogenous metastases have always been the main cause of disease-related death in CRC, the intraperitoneal route of dissemination has long been regarded as less important. In the 1970s and 1980s, however, several authors published retrospective studies concerning the patterns of failure in patients with CRC, recognizing the peritoneal cavity as a common site of recurrence after potentially cur-ative surgery. These patient series were either retrospective clinical follow-up studies, [21] [22] [23] [24] [25] [26] [27] [28] reoperation series, 29, 30 or autopsy studies of patients who had died of CRC. 23, 31 Table 2 summarizes the incidence rates of intraperitoneal failure reported in these studies. It should be noted that since the late 1980s the surgical technique of resection in rectal cancer has changed toward total mesorectal excision and preoperative radiotherapy, the local recurrence rates after surgery for rectal cancer have dramatically decreased to less than 3%. 32 Whether or not the introduction of the total mesorectal excision technique has affected the incidence of PC is unknown.
Clinically evident locoregional failure, in most studies defined as recurrence in the bowel anastomosis or in the resection bed, was reported in 5% to 18% after curative resection of colon cancer. PC was reported in 4% to 12% after curative resection of colon cancer and in 2% to 19% after curative resection of rectal cancer. Recently, Jayne et al 33 retrospectively analyzed a large series of 3019 patients with CRC: 214 patients (7%) had synchronous PC at the time of resection of the primary tumor, whereas another 135 patients (4.5%) developed metachronous carcinomatosis. Of the patients with synchronous PC, 58% did not seem to have systemic metastatic disease.
Gunderson et al 29 studied the areas of failure in 91 patients with extrapelvic Dukes B or C colon cancer who underwent a planned second-look laparotomy 6 to 12 months after a potentially curative resection. Locoregional recurrence either alone or as a component of failure was confirmed in 48% of patients. PC as the sole pattern of recurrence or as a component of failure was found in 4% and 21%, respectively. Tong et al 30 mapped the sites of failure in patients who required relaparotomy for suspected recurrent proximal colon cancer and found local recurrence in 47% and diffuse PC in 44% of patients. Gilbert et al 23 showed that in a autopsy series of 45 patients who had died of CRC, 18 patients had PC. In a similar autopsy series of 53 patients who died of colon cancer, Russell et al 31 reported a local recurrence rate of 38%, whereas 36% of patients had PC.
These data indicate that, in patients with CRC, intraperitoneal recurrence is a rather common phenomenon with important clinical consequences for both medical and surgical oncologists.
Systemic Chemotherapy for PC of Colorectal Origin
To date, 4 clinical studies have been published dedicated to the efficacy of chemotherapeutic treatment of patients with PC of colorectal origin. In 1989, Chu et al 34 prospectively analyzed a series of 100 patients with PC of nongynecologic cancers, among whom 45 patients with CRC, with the aim to identify prognostic factors. In those patients with CRC, of whom the majority was treated with 5-fluorouracil (5-FU) and leucovorin (LV), median survival was 6 months. Shorter disease-free interval, the presence of lung metastases, and the presence of ascites correlated significantly with decreased survival. In 2000, Sadeghi et al 35 reported the results of a French prospective multicenter study of 370 patients with PC of nongynecologic malignancy. The 118 patients with PC of colorectal origin in this study had a median survival of only 5.2 months. Jayne et al 33 recently published an extensive series of 3019 patients with CRC. The 392 patients who presented with PC had a median survival of 7 months. Finally, Verwaal et al 36 conducted a phase III randomized controlled trial (RCT), comparing ultraradical cytoreductive surgery and adjuvant hyperthermic intraperitoneal chemotherapy and systemic 5-FU-based chemotherapy with systemic chemotherapy and palliative surgery in patients with PC of colorectal or appendiceal origin, but without evidence of extraperitoneal, metastatic disease. Overall median survival of the 50 patients who were treated with systemic chemotherapy and palliative surgery was 12.6 months, with a 2-year survival rate of approximately 18%. Median time to disease progression was 7.6 months. The better survival of the patients that received chemotherapy and conventional surgery within this RCT as compared with the above-mentioned results reported by other authors is probably due to patient selection, since patients had to be medically fit to undergo cytoreductive surgery and hyperthermic intraperitoneal chemotherapy and were not allowed to have hematogenous metastases.
Thus, the reported median survival of patients with PC of colorectal origin, with of without hematogenous metastases, after chemotherapy-based treatment, varies between 5.2 and 12.6 months.
Historical Perspective of Cytoreductive Surgery
As mentioned above, the presence of peritoneal metastases has for long been regarded as a lethal disease, characterized by "contamination" of the entire abdomen, for which complete R0 resection was considered not feasible and, consequently, any attempt thereto futile. In the 1930s, Meigs, an American gynecologist, was the first to advocate cytore-ductive surgery followed by adjuvant radiotherapy in patients with ovarian cancer, a disease with a very high propensity to disseminate to the peritoneum. 37 The survival rate after cytoreductive surgery for the treatment of ovarian cancer, however, remained poor. As a result, treatment of ovarian cancer mainly depended on chemotherapy, and surgical strategies were not optimized until the late 1960s and 1970s, when Munnell and Griffiths independently demonstrated that better survival rates could be achieved by more extensive surgery with the size of residual disease being the most important prognostic factor. 38 -40 Thus, the concept of ultraradical cytoreduction of PC was introduced.
In view of the improved results of ultraradical cytoreductive surgery in ovarian cancer, surgical oncologists regained a renewed interest in the subgroup of patients with colorectal carcinomatosis without evidence of hematogenous metastases. In 1979, after testing the technique of hyperthermic peritoneal perfusion in 15 dogs, Spratt et al were the first to report the results of cytoreductive surgery followed by hyperthermic IPEC using thiothepa in a 35-year-old patient with pseudomyxoma peritonei. 41, 42 Except for minor pulmonary atelectasis with bacteremia, the patient's postoperative course was uneventful. In the early 1980s, this approach was adopted and optimized by Sugarbaker, who investigated its therapeutic efficacy in patients with peritoneal metastases of various gastrointestinal cancers. 43, 44 Since then, cytoreductive surgery and adjuvant (hyperthermic) IPEC have been further developed and applied by 30 medical centers worldwide in patients with various kinds of peritoneal surface malignancy, including PC, sarcomatosis, and peritoneal mesothelioma. 8 Several reviews have been published describing the techniques of cytoreductive surgery, 45 the rationale of hyperthermia, 46 and the various methods of the intraperitoneal administration of chemotherapy. 47
Cytoreductive Surgery and (Hyperthermic) IPEC in PC of Colorectal Origin
To date, 20 papers have been published reporting the toxicity, complications, and survival results of trials investigating the morbidity, mortality, and therapeutic efficacy of surgical cytoreduction followed by IPEC, either with or without hyperthermia, in patients with PC of colorectal origin. 36,48 -66 Relevant trial characteristics, as summarized in Table 3 , differed with respect to design, patient selection, and treatment protocol. Thirteen studies were nonrandomized, single-arm, retrospective patient series, whereas 3 studies were comparative trials, 2 of which were randomized. 36, 50 In 9 trials, only patients with PC of colorectal origin were included, 48,51,52,54 -57,59,65 whereas in the remaining 6 trials patients with PC of appendiceal origin were also included. 49, 50, 58, 64, 67, 68 Since in the latter trials, the results were analyzed for patients with colorectal carcinomatosis separately, these reports were included in this review. Furthermore, in 7 trials patients with hematogenous metastases were eligible for inclusion. 48, 50, 51, 57, 58, 65, 66 IPEC was administered intraoperatively in 6 trials, 36, 51, [55] [56] [57] 64 early postoperatively in 4 trials, 49, 50, 54, 59 both intraoperatively and early postoperatively in 2 trials, 53, 65 whereas in 4 patient series various protocols of administering chemotherapy intraperitoneally were used. 48, 58, 66, 67 In 10 trials, IPEC was given under hyperthermic conditions, 36,48,51,53,55-57,64 -67 whereas in 5 trials it was not. 49, 50, 54, 58, 59 Mitomycin-C was the most frequently used cytostatic agent, either alone, 36, 56, 57, 64 or in combination with 5-FU 48, 50, 53, 58, 59, 65, 67 or cisplatin. 55 Two trials, finally, used 5-FU alone, 49, 54 whereas in one trial oxaliplatin was administered. 51 The clinical outcomes with respect to long-term survival varied considerably. In short, median survival varied from 12 to 32 months. One-year, 2-year, 3-year and, when reported, 5-year survival rates varied from 65% to 90%, 25% to 60%, 18% to 47%, and 17% to 30%, respectively.
Toxicity and Complications of Cytoreductive Surgery and (Hyperthermic) IPEC
Cytoreductive surgery followed by (hyperthermic) IPEC carries a high morbidity and a substantial mortality rate. Postoperative grade III and IV toxicity and complications after cytoreductive surgery and adjuvant IPEC varied from 14% to 55%, whereas treatment-related mortality varied from 0% to 19%.
Morbidity of cytoreductive surgery and (hyperthermic) IPEC can be categorized as surgery-or chemotherapy-related. Five studies have specifically addressed the toxicity and complications related to cytoreductive surgery and (hyperthermic) IPEC, 2 of which in patients with colorectal or appendiceal cancer only. 53,63,69 -71 Esquivel et al 69 reported on the complication rate associated with cytoreductive surgery and early postoperative IPEC using mitomycin-C (MMC) and 5-FU in 44 patients with PC of appendiceal, colonic, small bowel, or fallopian tube origin. Twenty-two patients had been treated with induction IPEC prior to cytoreductive surgery and postoperative IPEC. The median duration of postoperative ileus was 21 days, which was related to age and the extensiveness of the surgical cytoreduction. In 4 patients, postoperative hemorrhage required surgical reintervention, whereas 2 patients developed pneumonia and respiratory failure requiring orotracheal intubation. Enteric complications, including small bowel fistulas, anastomotic disruption, bile leak, and pancreatitis occurred in 7 patients (16%), of whom 6 had been treated with induction IPEC. The authors concluded that, since induction IPEC carries an increased risk for postoperative enteric complications, this treatment modality should only be reserved for patients with small volume disease.
Jacquet et al 53 reported the morbidity and mortality rate of cytoreductive surgery and (hyperthermic) IPEC (MMC) in 60 patients with PC of colorectal or appendiceal origin. Serious complications were encountered in 35% of patients, with anastomotic leakage or bowel perforations being the most frequent and significantly correlated to the number of peritonectomy procedures and the duration of the operation. Three patients (5%) died of treatment-related causes.
Verwaal et al 63 reported the toxicity of cytoreductive surgery and (hyperthermic) IPEC (MMC) in a series of 102 patients with PC of colorectal or appendiceal origin that had been treated according to the same protocol in prospective phase I, II, or III trials. Grade 3, 4, or 5 toxicity, as recorded in accordance to the Common Toxicity Criteria published by the National Cancer Institute, was observed in 65%. Surgical failures were encountered in 35 patients (35%), resulting in abdominal sepsis in 16 patients (16%). Twenty-one patients (21%) developed intra-abdominal abscesses that could be drained percutaneously. A total of 8 patients (8%) died due to treatment-related causes, 6 of whom due to abdominal sepsis. Patients with higher tumor loads, incomplete cytoreductions, blood loss exceeding 6 L, and patients with 3 or more anastomoses had an increased risk of having a complicated postoperative course.
Stephens et al 71 described a series of 183 patients with PC of gastrointestinal origin who underwent 200 cytoreductive surgeries followed by (hyperthermic) IPEC (MMC). Combined grade 3 or 4 toxicity was noted in 27% of patients, peripancreatitis being the most frequent complication in 6%, followed by fistulization (4.5%), hemorrhage (4.5%), and hematologic toxicity (4%). Three patients (1.5%) died of treatment-related toxicity, 2 of whom due to severe hematologic toxicity. Treatment-related mortality was 1.5%. The duration of the surgery, the number of peritonectomy procedures, resections of anastomoses were significantly associated with the occurrence of grade 3, 4, or 5 toxicity, whereas (hyperthermic) IPEC-related variables were not.
Glehen et al 70 analyzed the morbidity and mortality rates following 216 consecutive cytoreductive surgeries and (hyperthermic) IPEC in 207 patients with PC. Most patients suffered from ovarian, colorectal, or gastric cancer. Grade III/IV toxicity was encountered in 51 patients (23.6%), digestive fistulization (6.5%), and hematologic toxicity (4.5%) being the most frequent complications. Seven patients (3.4%) died of treatment-related complications.
Prognostic Indicators of Survival
Univariate and multivariate analyses of most series of patients with PC of colorectal origin revealed several clinical (preoperative), surgical (intraoperative and postoperative), and pathologic factors predictive of survival. Clinical characteristics that have been univariately correlated to an improved survival are female gender, 66 younger age, 66 and clinical performance status. 57 The most important surgical factors that have been identified as predictors of survival are: the extent of carcinomatosis encountered at laparotomy 36,48,49,51,52,58 -60,65-67 and the completeness of resection. 36,48,49,51,52,54,57-60,64 -66 Various scoring system were used to assess the extent of carcinomatosis. Most authors used the semi-quantitative peritoneal cancer index, described by Jacquet and Sugarbaker. 72 The peritoneal cancer index relies on the distribution and size of the cancer lesions throughout the abdomen. More extensive carcinomatosis or higher peritoneal cancer index was invariably associated with decreased survival. After the surgical cytoreduction, the size of residual disease was usually expressed as R1, meaning no macroscopic residual disease, R2a, meaning macroscopic residual disease less than 2.5 or 5 mm, or R2b, meaning macroscopic residual disease more than 2.5 or 5 mm in diameter. When reported, median survival following complete R1 resection of all macroscopic disease varied from 17.8 months to 39.0 months, 52, 54, 57, 60, 65, 66 whereas the reported 5-year survival rates varied from 20% to 54%. 49, 52, 57, 66 Median survival after incomplete R2a resection resulted in median survival times of 12.5 months to 24 months, 36, 52, 54, 57, 60, 66 with 5-year survival rates of between 10% and 29%. 52, 59, 66 When macroscopic disease of more than 5 mm in diameter had to be left behind, the reported median survival varied between 5 months and 12 months. 36, 52, 57, 59, 60 None of these patients survived for 5 years. 59, 66 Finally, bowel obstruction, 57 the presence of ascites, 57 and the presence and resection of metastatic disease to the liver were reported to be significantly correlated with impaired survival. 57, 66 Several authors have made an attempt to correlate the site of the primary tumor (colon versus appendix versus rectum) with prognosis. 36, 48, 49, 58, 60, 66 Verwaal et al analyzed a series of 102 consecutive patients with PC of colorectal or appendiceal origin who had been treated with cytoreductive surgery followed by hyperthermic IPEC. The 5 patients with PC of rectal origin had a median survival of 16.0 months, whereas those 82 patients with PC of colonic origin had a median survival of 21.6 months (relative risk, 3.14; 95% CI, 1.11-8.91, P ϭ 0.069). Similar results were reported by Culliford et al, although in their patient series 6 of 17 patients with appendiceal carcinomatosis had pseudomyxoma peritonei. 49 Other authors, however, did not confirm worse survival of patients with PC of rectal origin as compared with patients with PC of colonic origin. 36, 66 Sugarbaker et al reported on the efficacy of cytoreductive surgery and IPEC in a relatively large patient series of 51 patients with colorectal carcinomatosis and 130 patients with PC of appendiceal origin. Three-year survival of the patients with PC of appendiceal origin was significantly better than that of the patients with PC of colorectal origin (73% versus 36%, P ϭ 0.0001). Other authors, however, did not find a significant survival benefit for patients with appendiceal carcinomatosis as compared with patients with PC of colonic or rectal origin. 36, 60, 66 Finally, other pathologic factors that have been correlated with impaired survival include poor tumor differentiation, 52,55,58 -60,66 signet cell histology, 60 and lymph node involvement. 58, 66 The results of multivariate analyses on the abovementioned clinicopathologic factors were reported in 5 publications. 49, 52, 57, 60, 66 In 4 of these, the extent of disease and/or the completeness of resection were the factors most prominently related to treatment success and survival. 49, 52, 60, 66 Shen et al found the presence of ascites or bowel obstruction to have an even greater impact on survival. 57 In the large multi-institutional patient series of 506 patients with PC of colorectal origin, Glehen et al furthermore identified treatment by a second procedure, age less than 65 years, and use of adjuvant chemotherapy as positive independent prognostic indicators, whereas the use of neoadjuvant chemotherapy, lymph node involvement, presence of liver metastasis, and poor histologic differentiation were negative independent prognostic indicators. 66
Quality of Life After Cytoreductive Surgery and (Hyperthermic) IPEC
In recent years, there is an increased interest in the impact of a disease as well as its treatment on the quality of life in patients with cancer. 73 In ovarian cancer, cytoreductive surgery and adjuvant (intravenous) chemotherapy have clearly been shown to result in better survival and improved quality of life. 74, 75 Only 2 interrelated studies have been published focusing on quality of life after cytoreductive surgery followed by (hyperthermic) IPEC for the treatment of PC in nongynecologic malignancy. McQuellon et al 76 
Controlled Studies
To date, 3 controlled studies have been published verifying the efficacy of cytoreductive surgery and (hyperthermic) IPEC. Of these studies, 2 were randomized.
Mahteme et al 54 compared 18 patients with PC of colorectal origin, who had been treated with cytoreductive surgery and early postoperative IPEC (5-FU, cisplatinum, or irinotecan) as well as intravenous 5-FU-based chemotherapy, with 18 matched control patients with PC, who received intravenous chemotherapy only. The median survival as well as the 2-year and 5-year survival rates of the patients who were treated with cytoreductive surgery and IPEC were significantly better than those of the control group (32 months versus 14 months, and 60% versus 10% and 28% versus 5%, respectively, P ϭ 0.01). The authors concluded that, although selection bias may have influenced the results, the results indicate that cytoreductive surgery followed by IPEC can be beneficial and result in complete remission of the disease for a prolonged period of time.
The seemingly better results of the aggressive surgical approach with respect to survival led Verwaal et al 36 to conduct a RCT, investigating the efficacy of this treatment as 
CONCLUSION
Improved insights into the mechanisms and incidence of intraperitoneal spread of CRC have contributed to a better understanding and a different perception of the pathologic basis of PC. Even though the reported incidence rates of intraperitoneally exfoliated cancer cells during resection of primary tumors varied widely, the presence of free tumor cells in the peritoneal cavity of some patients was repeatedly demonstrated in all studies. Although the presence of exfoliated tumor cells in the peritoneal cavity, similar to micrometastases in blood or bone marrow, [82] [83] [84] may not be an independent prognostic factor, it seems plausible that these tumor cells may indeed contribute to intraperitoneal treatment failure. Indeed, in 2 studies, a correlation was found between the presence of free tumor cells in the peritoneal cavity and intraperitoneal tumor recurrence. 12, 18 Despite the favorable results of cytoreductive surgery and adjuvant (hyperthermic) IPEC in patients with PC of colorectal origin, the results should be interpreted with caution for several reasons. First, the reported trials differed significantly with regard to patient selection. In some trials, patients with hematogenous metastases were eligible for inclusion, whereas other patient series also included patients with appendiceal carcinomatosis or pseudomyxoma peritonei. The latter 2 disease entities may have a relatively favorable prognosis as compared with PC of colorectal origin. Second, the design of the combination treatment inflicted on the patients differed widely with regard to the timing of the IPEC (preoperative, intraoperative, postoperative, or combinations), the method of administration of the chemotherapy (open or closed abdomen), the cytostatic agent(s) used and whether or not chemotherapy was given under hyperthermic conditions. Third, the patient series published to date all originate from specialized tertiary referral centers.
Nonetheless, the results in terms of survival after cytoreductive surgery and (hyperthermic) IPEC appear much better than those obtained in historical controls and have, indeed, been shown to be superior to conventional chemotherapy-based treatment in one RCT. 36 Given the high morbidity and mortality rates of cytoreductive surgery and (hyperthermic) IPEC as well as the high failure rate of 80%, it is of the utmost importance to select only those patients for this treatment modality that could benefit the most. Univariate and multivariate analysis of several clinicopathologic parameters repeatedly showed the extent of the carcinomatosis and consequently, the extent of surgery to be the most important factors related to postoperative morbidity and mortality. In all patient series, postoperative morbidity and mortality were predominantly determined by surgery-related factors, such as the number of anastomoses, peritonectomy procedures, and the amount of blood loss. Toxicity clearly attributable to the hyperthermic IPEC was relatively rare. Furthermore, despite the differences in timing and methods of intraperitoneally administering chemotherapy, the completeness of resection has proven to be the most important prognostic factor predictive of survival in almost all patient series reported to date. Patients, in whom complete resection of all macroscopic disease was not feasible, invariably showed a dismal prognosis similar to that of historical controls. 61 Interestingly, complete resection frequently resulted in survival rates comparable to those obtained after resection of liver metastases. 85 Cytoreductive surgery and (hyperthermic) IPEC should therefore only be offered to patients with limited and resectable disease.
According to Sugarbaker 86 as well as Verwaal, 87 the time has come to accept cytoreductive surgery and (hyperthermic) IPEC as one of the standard treatments for patients with limited carcinomatosis. Sugarbaker argues that the acquisition of level I evidence by meta-analysis of data from several well-designed RCTs may not be necessary for experimental therapies to mature into standard of care. For example, while there has never been an RCT confirming the superiority of resection of liver metastases of colorectal origin over systemic chemotherapy, surgery is generally accepted as standard of care in selected patients with liver metastases of colorectal origin. Others recognize the efficacy of the cytoreductive surgery but argue that, based on only one RCT, it is too early to accept it as part of a procedure in which (hyperthermic) IPEC is applied. 88 With the completeness of resection being the most important prognostic factor, it could, indeed, be questioned whether (hyperthermic) IPEC is man-datory after complete resection. For that reason, Mansfield 88 recognizes the need to move forward and pleads for a new multicenter RCT, comparing cytoreductive surgery followed by (hyperthermic) IPEC and systemic chemotherapy with cytoreductive surgery and systemic chemotherapy alone, resembling the design of the RCT conducted by Elias et al. 50 Indeed, such a trial is currently considered at the Netherlands Cancer Institute.
Given the small number of medical centers worldwide currently practicing cytoreductive surgery and (hyperthermic) IPEC for the treatment of PC, larger-scale application of this treatment modality may be challenging. Both the surgery and the administration of (hyperthermic) IPEC are technically demanding procedures, for which a learning curve exists. 86 The further implementation of cytoreductive surgery and (hyperthermic) IPEC for the management of PC of colorectal origin should therefore be pursued with caution and should still be applied as part of controlled trials.
